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In this dissertation, a custom-built scanning tunneling microscope (STM) equipped with a 
superconducting magnet of 5 T was used to investigate the self-assembled molecular structure, 
electronic states and spin characteristics of (A) Vanadyl-Tetrakis-Thiadiazole-Porphyrazine 
(VOTTDPz), (B) 1',3',3'-trimethyl-6-nitrospiro [chromene-2,2'-indole] (SP), and (C) SP-DyN3O5 
adsorbed on Au(111) surface. 
Chapter 1 briefly introduces the motivation and the outline of this dissertation. Chapter 2 
details the development of STM, the relevant working principle, and some physical concepts 
relating to this dissertation. Also, the main configurations of STM used in this dissertation are 
introduced. 
Chapter 3 investigates the molecular alignment, electronic states and spin behavior of 
VOTTDPz molecule adsorbed on Au(111). This molecule is modified from vanadyl 
phthalocyanine (VOPc) by replacing inert benzene groups with reactive thiadiazole moiety that is 
terminated by S and N atoms instead of C-H species. By this replacement, stronger molecule-
molecule and molecule-substrate interaction together with the delocalized electronic state are 
realized. Magnetic properties of the molecules are examined by detecting the Kondo resonance 
caused by the screening of a spin by conduction electrons with using scanning tunneling 
spectroscopy. Kondo resonance phenomenon occurs due to the interaction between a localized 
spin and conductions electrons. Two types of molecule assemblies are observed. The first type of 
the film, phase I, is composed of flat-lying molecules with the VO group directing towards the 
vacuum and with a more compact lattice compared to that of VOPc. We observed a significant 
change of spectrum-shape of the Kondo resonance when the tip position is moved within a single 
molecule; crossover from a generic Kondo peak to Fano dip, latter of which is caused by the 
interference of the tunneling current. This is attributed to a local bonding variation within a single 
molecule, where DFT calculation indicates presence/absence of S-Au bonding among four 
thiadiazole ligands. This demonstrates that the shape variation of the Kondo resonance contributes 
to chemical analysis with submolecular resolution. In the second type film, phase II, molecule 
rows of VO-up and VO-down configurations appear in an alternative manner. The latter is tilted 
from the flat-lying bonding. Interestingly, spin-resolved DFT calculation shows two types of tilted 
molecules; one has a ferromagnetic (FM) coupling with neighboring flat molecules, and the other 
has anti-ferromagnetic (AFM) coupling. Experimentally the Kondo peak was observed only for 
the molecule that has the FM coupling with neighbor-molecules, and it disappears for the ones 
having the AFM coupling with the neighbors. The phenomenon can be explained using coupling 
between Kondo resonance and Ruderman-Kittel-Kasuya-Yosida (RKKY) interaction. 
 
Fig. 1. (a) STM topographic image of VOTTDPz monolayer film of Phase I (size 13 × 13 nm2, 
white scale bar = 2 nm, Vsample = -0.8 V, It = 160 p)) and (b) Phase II (size 20 × 20 nm2, white 
scale bar = 1 nm, Vsample = -0.8 V, It = 187 pA). 
 
Fig. 2. Spin resolved LDOS vs. energy plots calculated for V atom (a), comparison of the isolated 
and film of VOTTDPz molecule (b), magnetic field dependence of Kondo resonance state of phase 
I film at the ligand position (c), Kondo resonance states within single molecule (d). 
 
Fig. 3. Spin polarization distribution of phase II film illustrated in a side view (a), site dependent 
variation of Kondo peaks for phase II film (b). 
Chapter 4 investigates a conformation transformation of SP and SP-DyN3O5 and the spin 
characteristics of their resulting analogues. We use STM tip to transfer energy into the SP and SP-
DyN3O5 molecules by means of injecting tunneling electrons to trigger the conformation 
transformation. The electron-induced spin properties of MC and MC-DyN3O5 are characterized by 
examining the Kondo resonance near the Fermi level in STS. The Kondo effect of MC and MC-
DyN3O5 originates from an unpaired spin of the conjugated π-radical orbital which is delocalized 
and can be coupled more efficiently with the conduction band. In contrast, the non-electron-
induced SP and SP-DyN3O5 show no such Kondo feature only broaden and shallow Fano dip. This 
is determined by the Fano resonance effect-type interference between the tunneling electrons, 
which can be directly attributed to the two almost non-interacting orthogonal π-electron systems 
bounded by the carbon-oxygen bond (Cspiro-O). This indicates the absence of spin and provides the 
evidence of the singlet ground state (S = 0). The crossover from Fano dip to Kondo peak reveals 
that the more or less planar geometry of MC and MC-DyN3O5 is triggered successfully through 
injecting tunneling electrons with STM tip. Here we assign the appearance and disappearance of 
the Kondo resonance of MC/MC-DyN3O5 and SP/SP-DyN3O5 as their spin-on and spin-off states, 
respectively. 
 Scheme 1. Schematic illustration of the syndissertation of LMC-MN3O5 complexes from the 
spiropyran (LSP) ligand and isomerization towards the merocyanine (LMC) form. 
 
Fig. 4. High-resolution STM image of a well-ordered SP film on Au(111) surface. The 
superimposed ball-and-stick model and white dashed circle with short lines represent the SP 
geometry and pollywog-like shape, respectively. The quasi-rectangle with s and t vectors represent 
the unit cell of the SP film. The white bar is 1 nm. Vs = −0.6 V, It = 91.9 pA, 10.0 × 10.0 nm2. 
 
Fig. 5. Tentative adsorption model of SP molecule on Au(111) surface. The hydrogen atoms are 
omitted for clarity. Color code: yellow, gray, blue, and red spheres represent Au, carbon, nitrogen, 
and oxygen atoms, respectively. 
 
Fig. 6. (a) Schematic representation of LMC-DyN3O5. F, H, and I atoms are omitted for clarity. 
Color code: purple, gray, blue, and red spheres represent dysprosium, carbon, nitrogen, and oxygen 
atoms, respectively. STM image of LSP-DyN3O5 on Au(111) using evaporation (b) drop-casting 
(c). The white bars on (a) and (b) are 2 nm and 5 nm, respectively. Corresponding tunneling 
conditions for (a) and (b) are Vs= 0.6 V, It = 186 pA, 12.5 ×12.5 nm
2 and Vs = 1.0 V, It = 314 pA, 
16.5 × 16.5 nm2, respectively. 
 
Fig. 7. (a) The dI/dV curves of SP and LSP-DyN3O5 before and after electron injection. (b) The 
dI/dV curves of MC and LMC-DyN3O5 Fano fitting. Here, lowercase a, b, c, d represent MC, LMC-
DyN3O5, SP, and LSP-DyN3O5, uppercase A, B, C, D represent MC, fitted MC, LMC-DyN3O5, and 
fitted LMC-DyN3O5, respectively. 
